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ABSTRACT 
 
 
This senior project discusses the design and implementation procedures for an irrigation 
system for Meyer lemons. The irrigation system is designed from an economical 
standpoint incorporating limitations set by the ranch manager such as the use of existing 
pipe lines and emitter selection preference. Within this project there are the steps taken to 
ensure a healthy crop utilizing the data and advice collected from other fields and their 
managers in the same area.  
The entire field is run as a single set with two manifolds to supply the Western and 
Eastern ends of the field.  A total of 555 trees are able to fit on this 3.5 acre plot with a 
single drip hose running on each row to supply water to each tree with four emitters per 
tree.  
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The university makes it clear that the information forwarding herewith is a project 
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INTRODUCTION 
 
 
Blueberries in Southern California are a crop that many would not associate with the 
area. But in the last two decades there has been a large boom of blueberry growers due to 
significant scientific advances in plant genus, marketing prowess, and most of all daring 
growers to start the first trials. A small ranch around 95 acres in the town of Somis 
located in Southern California has a small test plot of blueberries sacrificing around 4 
acres of various plant genus to test the feasibility of growing and marketing this crop. 
After 8 years of production and investment to make it to the mid lifespan of these 
blueberry plants the grower has deemed it not viable to grow blueberries in this type of 
soil in this particular costal climate. The opportunity has now arisen for a new crop to be 
tested in this local area and that particular crop is Meyer lemons. 
“Citrus × Meyeri, the Meyer lemon, is a citrus fruit native to China thought to be a cross 
between a true lemon and either a mandarin or common orange. Introduced to the United 
States in 1908 by the agricultural explorer Frank Nicholas Meyer, the Meyer lemon is 
reasonably hardy and grows well in warm climates (USDA, 2009). The Meyer tree is 
smaller when compared to other citrus, usually 6-10ft tall and 6ft in diameter and 
maturity, but can reach that state from seed to fruiting in four years. The trees can 
produce fruit throughout the year in California, but the majority of the crop is harvested 
in winter. “Meyer lemon fruits have a sweeter, less acidic flavor than the more common 
Lisbon or Eureka supermarket lemon varieties. The pulp is a dark yellow and contains up 
to 10 seeds per fruit. (USDA, 2009)” 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Aerial Photo of the Field 
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Due to the ineffectiveness of the blueberries and the loss of money in preliminary costs, 
management, water, maintenance and land use, the ranch manager has decided to cut the 
losses and try something new. Having never grown Meyer lemons, and of the few local 
growers that have Meyers, none have a crop that is of full maturity, this will be a true test 
of the feasibility of full scale production of this crop in this particular microclimate and 
soil type as seen Figure 1. Along with the viability of the crop in general, the old field 
will have to be removed and new field designed and constructed in the most economical 
fashion to help alleviate the capital lost with the 8 year blueberry crop. 
 
Through networking with as many local growers as possible and research with local 
nurseries the Meyers will be on 12’x19’ spacing with a single ¾” drip hose and four 2 
gallon emitters per tree all on top of roughly one foot high soil beds for the best crop 
results.  
Initial land survey and observation showed a problem that the uphill side of the field is 
bordered by a dirt drainage ditch that is fairly non-linear and would present problems for 
running a direct pipeline across due to the curvature of the ditch seen in Figure 1. The 
field also has downward slopes north to south and east to west where as the rows will run 
east to west. In order to circumvent this installation and avoid the extra cost of running 
the sub main water line across the downhill side of the field later calculation allowed for 
some of the existing underground PVC pipeline to be used for the new Meyer lemon crop 
which would run as a single set instead of the two set blueberry system.  
 
The objective of this senior project is to research practices, plan methods, design, and 
construct a 4 acre plot of Meyer lemons and irrigate them. The orchard will be designed 
with these ideas in mind: 
1. Provide irrigation water of sufficient quality and quantity to meets the crops 
requirements for optimal production 
2. The irrigation system should be designed to distribute water with an optimal 
distribution uniformity and overall efficiency. 
3. The overall design will incorporate features and function which will allow the 
grower to properly manage the field and provide the highest probability for future 
success (e.g. compatibility with pickers, existing parts store, existing mainline and 
filtration specifications) 
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LITERATURE REVIEW 
 
 
 
Most agricultural methods today still use the traditional method in which information is 
exchanged from one farmer to another learning from the mistakes of others and ever 
improving upon the practice. There are two small fields of Meyer lemons within 20 miles 
of the project field. Both farmers opened up their property to allow for observation of 
their systems.  
In the first field it was apparent that the tree spacing was much too large and that at least 
a third more trees could be put on the same amount of space. Figure 2 is the tree spacing 
of 16x19ft. The ranch used a double hose with 2 emitters per tree per hose. 
 
Figure 2. Meyer lemons on a 16x20 ft Spacing 
The second field had a nice spacing with not too much lost at 12ft. A single hose with 4 
emitters per tree, but the emitters used spaghetti hose to increase the wetted area. 
In order to determine the best practice to use, the industry suppliers were contacted 
through email to ask the basic questions needed to choose which design method to go 
with: 
1) How large do the trees get at the mature age and what spacing would you 
use/recommend? 
2) Are there any preferences to use drip or micro-sprayers?  
3) Are there any good sources of information on Meyer Lemon trees that you know of? 
4) Any other Do's and/or Don'ts that you can think of offhand? 
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Tree Size and Spacing.  According to Sam Mayhew of Oxnard Lemon Company (2012), 
who is the predominant packer of Meyer lemons in the entire citrus industry, all of the 
acreage that they handle is less than 10 years old. Form what Mr. Mayhew knows about 
some older Meyer trees is that they are about 5-6 feet tall and are generally planted on a 
16’ x 9’ spacing so about 300 trees per acre. According to John Grether of Grether Farms, 
they planted their first set of Meyers at a 12’ x 20’, then their second plot at 11’ x 19’, but 
it would certainly be possibly to have a higher density at 9’ x 17’, but he feared that the 
tress may be crowded and competing for nutrients and sunlight. “Ask me this question 
again in about 10 years and I’ll have a more definite answer.” (Grether, 2012).  A 
designer must realize that with most agricultural trials it takes seasons and years to 
mature before making a change with the next plantings.  
Growing Seasons.  In the past most thought of winter as the season for Meyer lemons, 
perhaps this was because most of the Meyer lemons were coming from the San Joaquin 
Valley where production is mostly in the fall and winter (Mayhew, 2012). Now there are 
Meyer plantings in the coastal areas of Ventura County production is year round. “We are 
finding that as customers start handling Meyer lemons the demand continues to grow. 
Sunkist is aggressively marketing and promoting Meyer lemons.” (Mayhew, 2012). 
Grether’s market is solid from March to November, but there is a bit of oversupply in the 
winter months as the San Joaquin Valley tends to come on all at once.  Here on the coast 
we are a bit more year round which is a huge advantage. 
Irrigation Method.  On the question of whether Meyers prefer dripper or micro sprinklers, 
Mayhew remarked that either one is fine, but most the growers are using microsprinklers 
because it is easier to check if they are working and not plugged up. Figure 3 displays a 
drip emitter and a micro sprinkler for comparison. Grether, (2012) on the other hand 
prefers drip emitters because they have fairly heavy soil and that they do not take as 
much as a beating from laborers with frequent picking, pruning, and thinning.   
 
Figure 3. Micro Sprayer and Drip Emitter (AWE, 2012) 
In general, drip emitters are more effective on heavy, clayey soil because of a lower 
infiltration rate resulting in more lateral movement of water. Microsprinklers are better 
for sandy soil where a large wetted area cannot be achieved by a localized flow drip 
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emitter due to the high infiltration rate. Also, remember that with a larger wetted area 
weed growth is encouraged. 
Irrigation Water Requirements.  In order to maximize yield and minimize costs growers 
must utilize the vast amounts of data available on properties such as evapotranspiration 
rates, optimum moisture contents, irrigation scheduling and requirements. The crop 
coefficient (Kc), and evapotranspiration (ET), for citrus change as the growing season 
progresses due to variables such as changing temperatures and progressing stages of 
growth for the tree. Crop coefficient values are not transferable from one location to the 
next, but the general change of values based on the growth stage is transferable.  Kc 
values vary by geographic location, but under standard conditions (non-stressed, well 
managed crops in sub humid climates with relative humidity of 45%) the FAO gives 
citrus trees with 70% canopy cover initial, middle, and end season Kcb values (based on 
a reference crop of alfalfa) of 0.75, 0.70, and 0.75 respectively (Allen et al. 1998).  Figure 
4 is an example of how the calculated Kc values will change through the year. 
 
 
ET values are calculated by multiplying a crop coefficient by a reference value of ET 
(ETo) taken at a controlled point on a controlled crop, usually grass or alfalfa.  It is seen 
that citrus species, having stomata on only the lower side of the leaf and a large leaf 
resistance, will have relatively low Kc values (Dzikiti et al. 2007). Tables 1 and 2 show 
the monthly average ETo values for the region as well as precipitation measures which 
help in determining irrigation practices. 
 
Table 1. Monthly Average ETo (CIMIS, 2012) 
 
Stn  Jan  Feb Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Total  
Oxnard 
152  1.83 2.20 3.42 4.49 5.25 5.67 5.86 5.61 4.49 3.42 2.36 1.83 46.43 
Figure 4: Annual cycle of a Florida citrus crop coefficient (Morgan et al. 2006). 
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Table 2. Current CIMIS Data for Region (CIMIS 2012) 
 
Citrus yields are influenced by a number of environmental factors such as growing 
season, weather conditions, water availability, and soil conditions. Figure 5 shows some 
of the variables throughout the year.  It is seen that the yield of citrus trees tends to be a 
linear function of seasonal evapotranspiration (Chartzoulakis et al.1999). Good irrigation 
management requires an accurate quantification of crop evapotranspiration (Er-Raki et al. 
2007). Figure 5 shows how a cumulative ET curve can be generated for crop 
management. The significant yield differences among treatments and the wide range of 
yields obtained in a study with a fixed water allocation indicate that proper timing of 
irrigation is critical for maximizing yield (Fares and Alva, 2000).  
 
Figure 5. Calculated daily mean, standard deviation, and cumulative values of 
evapotranspiration for 4-yr-old Hamlin orange trees in fine sand (Fares and Alva, 2000). 
Month 
Year  
Tot 
ETo  
(in)  
Tot 
Precip  
(in)  
Avg Sol 
Rad  
(Ly/Day) 
Avg Vap 
Pres  
(mBars)  
Avg Max 
Air Tmp  
(F)  
Avg 
Min Air 
Tmp  
(F)  
Avg Air 
Tmp  
(F)  
Avg Max 
Rel Hum 
(%)  
Avg Min 
Rel 
Hum  
(%)  
Avg Rel 
Hum  
(%)  
Avg 
Dew 
Point  
(F)  
Avg 
Wind 
Speed  
(mph)  
Avg 
Soil 
Temp 
(F)  
Dec 2011 2.28
 
0.27
 
261 
 
7.3
 
63.4
 
41.0
 
51.1 
 
84 
 
34
 
58
 
35.3
 
3.7
 
55.6
 
Jan 2012 2.66
 
1.74
 
281 
 
8.2
 
67.5
 
44.3
 
54.6 
 
86 
 
32
 
59
 
38.5
 
3.9
 
56.8
 
Feb 2012 2.96
 
0.09
 
365 
 
8.9
 
63.9
 
43.9
 
53.3 
 
85 
 
44
 
66
 
40.9
 
4.4
 
54.2
 
Mar 2012 3.34
 
2.09
 
419 
 
8.7
 
58.1
 
41.0
 
48.9 
 
92 
 
54
 
75
 
40.2
 
4.8
 
56.0
 
Apr 2012 4.23
 
1.63
 
523 
 
10.8
 
61.6
 
45.6
 
53.1 
 
94 
 
60
 
78
 
46.1
 
4.8
 
60.7
 
May 2012 5.01
 
0.02  
 
610 
 
11.7
 
60.1
 
47.2
 
53.3 
 
95 
 
71
 
84
 
48.6
 
4.7
 
67.4
 
Jun 2012 4.28
 
0.01
 
531 
 
12.8
 
61.9
 
49.9
 
55.6 
 
95 
 
73
 
85
 
51.1
 
4.4
 
71.9
 
Jul 2012 4.36 K
 
0.04
 
539 
 
12.5
 
59.5
 
48.4
 
53.4 
 
97 
 
78
 
89
 
50.4
 
4.6
 
75.2
 
Aug 2012 5.15 K
 
0.11
 
539 
 
16.6
 
71.4
 
56.8
 
62.2 
 
96 
 
71
 
86
 
58.0
 
4.5
 
79.5
 
Sep 2012 4.11
 
0.01
 
473 
 
16.6
 
70.8
 
55.0
 
62.3 
 
96 
 
72
 
87
 
58.3
 
4.2
 
78.2
 
Oct 2012 3.62
 
0.05 K
 
383 
 
14.4
 
72.8
 
53.6
 
62.9 
 
91 
 
54
 
74
 
54.0
 
3.8
 
73.6
 
Nov 2012 2.18 K
 
0.09 K
 
263 
 
11.6
 
67.1
 
48.7
 
57.1 
 
89 
 
55
 
74
 
47.6
 
3.6
 
62.0
 
Totals/Avgs 44.18 6.15 432 11.7 64.8 47.9 55.6 92 58 76 47.4 4.3 65.9 
7 
 
 
 
Traditionally, irrigation scheduling in citrus orchards has been done according to the 
FAO method, using the crop coefficient reported. However, this strategy has some 
uncertainty particularly in citrus trees where water use might change depending on tree 
light interception or crop load (Velez et al. 2007). Since ET is a major determining factor 
in the amount of yield it is very important to supply the citrus crop with adequate 
irrigation water to feed the plant’s transpiration needs for maximum production but not to 
over irrigate which could lead to loss of water to non-beneficial use.  
Citrus Growth Stages 
• Flowering, Fruit Set and New Flush Development:  
This growth stage must have optimum soil moisture. Even a slight water deficiency 
means that leaves are smaller, and the plant is not in its prime. Severe water deficiency 
results in poor leaf development, incomplete flowering, poor fruit set and a high rate of 
fruit drop (Food and Fertilizer Technology Center, 2003). The soil water tension reading 
should be 30 – 60 cBar. 
• Fruit Development:  
The remaining fruits now begin to develop, and it is during the late fruit development 
stage that citrus trees need their greatest amount of water because of the high 
transpiration rate. Not having enough water at this stage would inhibit photosynthesis. 
The water tension reading at this time should be between 60 and 90 cBar. 
• Fruit Maturing Stage: 
 At this stage of fruit development the quality of the fruit is the concern. A high soil 
moisture content promotes vegetative growth which does not help the already existing 
fruit. In order to slow vegetative growth and improve reproductive growth, soil should be 
kept fairly dry, without any irrigation, roughly 80 to 95 cBar. 
• After Harvest:  
After the fruit is harvested, the tree requires a small amount of irrigation water; just 
enough to meet ET requirements, to restore tree growth back to its normal rate. A 
minimal amount of irrigation water will maintain photosynthesis in the leaves and help to 
avoid nutrient stress. 
 
Rootstock and Disease Issues.  There are many options for what rootstock to use on the 
Meyer lemon tree. In his opinion, Grether (2012) does not like Citrumelo as a rootstock 
as it can be weak and attract moles. Brokaw Nursery provides grated Meyers that are 
great producers and resistant to many citrus diseases and environmental tolerances. 
“Clonal propagation of rootstocks makes it possible to choose the most appropriate 
characteristics for your special conditions, whether these are disease-prone soils, 
chlorosis problems, soil and/or water saltiness or even tree size requirements.” (Brokaw, 
2012). Table 3 illustrates some of the options for a rootstock choice. 
 
 
 
  
Table 
 
Grether Farms is planting all of their citrus, including Meyers, on high berms to minimize 
gummosis and other trunk diseases.
but they actually make the picking easier as they do
close to the ground. 
Environmental Sensitivity C
(Murkute et al. 2006). Salts can either occur naturally in the soil or be introduced to the 
soil through the irrigation water and soil additions such as fertilizer. After the water 
enters the soil, and is extracted by the crop, the salts get left behind and the 
concentrations of the salts become greater and greater in the soil. Salts in the soil water 
solution can reduce evapotranspiration by making soil water less available for plant root 
extraction. Salts have an affinity for water and hence additional force is required for the 
crop to extract water from a saline soil. Plant water relations are disturbed by drought or 
high salinity due to the lowered water potential in the environment hampering water 
uptake or favoring loss of water from plants 
(Steppuhn et al. 2005a).  
 
 
 
Table 4. Change in canopy volume due to increases in salt complex (Al
 
3. Citrus Rootstock Options (Browkaw, 2012)
 Berms can be a problem for the pickers to walk over, 
 not have to reach down to pick fruit 
onditions.  Citrus is grouped under the salt sensitive crops 
due to the change in osmotic potential 
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-Yassin, 2004). 
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Primarily, salt-stress lowers net CO2 assimilation, stomatal conductance, and water 
potential of citrus tree leaves, in addition to accumulation of excessive concentration of 
Chloride or Sodium in leaves (Al-Yassin, 2004). Table 4 shows the decrease in plant 
canopy and overall health with an increase in salts. Salinity in citrus can have a 
detrimental effect on fruit yield. In a study on done on numerous Valencia orange trees, it 
was found that when the calculated EC threshold value was 2.61 ds/m, the relative yield 
decrease per unit salinity increase was 8.73%. (Al-Yassin, 2004). Figure 6 shows how 
fast yield can decrease as the salinity increases. 
 
 
 
 
Figure 6. Linear plot of relative citrus yield compared to root-zone salinity after a 
threshold ECe is met (Steppuhn et al, 2005) 
 
Being that citrus trees have a low tolerance to salinity it is very important to maintain 
appropriate levels below the threshold ECe to ensure the maximum yield and citrus crop 
health in order to avoid lower yields. 
 
Tree Maintenance.  Pruning of Meyer lemon trees is critical to get a larger fruit size and 
maximize overall production. “Traditionally a single citrus tree should be pruned so that 
it is smaller at the top, and bigger at the bottom. This allows for more surface area to 
receive sunlight.” (Brokaw, 2012). One will also encounter “Suckers”, which are shoots 
that arise from below the soil surface or below a graft line. Suckers will rob valuable 
resources from the main plant and in the case of grafted citrus trees; suckers are actually 
rootstock and not the budded portion of the actual tree.  
Soil Characteristics. Soil surveys are public reports made to provide information about 
the soils and climate characteristics of specific areas in the United States. A soil profile is 
the sequence of natural layers as depth increases also know as soil horizons. Figure 7 
shows an example of a soil profile with all labeled horizons and explanation.  
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Figure 7. Example of a Soil Profile (USDA, 2012) 
Soil surveys are not an exact science for large changes in soil properties can occur in 
short distances. Each survey provides data on the general soil type in the particular area 
of interest, but the area is in no way limited to one type of soil.  
 
A major benefit of knowing the soil type for agricultural irrigation management purposes 
is the available water holding capacity which is the amount of water that a soil can store 
that is available for plants to use. Silty Clay Loam has an available water capacity 
fraction of 0.15 to 0.25 of the soil profile. One must also consider the crops rooting depth 
to determine the actual water available to the plant for a shallow rooting depth will not 
utilize the water that is out of reach of the roots. 
 
According to the United States Department of Agriculture, USDA, in cooperation with 
the National Resource Conservation Service, NRCS, the soil type in the Somis, CA area 
is classified as a Sorrento Silty Clay Loam.  
 
“Sorrento soils are on alluvial fans and established floodplains at elevations of 25 to 
2,100 feet. They formed in medium textured alluvium, mostly from sedimentary 
formations. Slopes are 0 to 15 percent. The climate is dry subhumid with moderately 
warm dry summers and cool moist winters. The average annual precipitation is 10 to 20 
inches. The mean January temperature is about 50 degrees F., the average July 
temperature is about 65 degrees F., and the mean annual temperature is 60 to 63 degrees 
F. The freeze-free period is about 200 to 330 days.” (NRCS, 2012) 
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The Sorrento Silty Clay Loam is an excellent soil for agricultural purposes due to its high 
water content holding capacities meaning less frequent irrigations. With this type of soil 
the water infiltration rate will be lower than that of a sandy soil with could cause water 
run-off. 
Market Value. The current market for Meyer lemons is promoted by the restaurant 
industry that is increasingly using Meyer lemons for their high juice content and nice 
flavor, especially in fine dining. According to Sunkist, a California citrus cooperative, the 
current market price is increasing as does the demand for specialty fruits.  
 
  
12 
 
 
 
PROCEDURES AND METHODS 
 
 
 
Design Method 
 
Grower Requirements.  The grower provided the initial conditions that the irrigation 
system was to be designed for based on his experience with the climate and soil type in 
the area which is a warm costal climate and primarily a Sorrento silty clay loam. The 
application rate desired by the grower would be roughly 10 gallons per hour per tree and 
this is confirmed to be adequate for peak ET situations as calculated in Appendix A under 
Water Requirements. Therefore the field will be irrigated less frequently and/or for a 
lesser amount of time. Because this is a privately owned ranch the budget will need to be 
kept as low by utilizing as much existing materials as possible such as pressure 
regulators, valves, existing mainlines, tee’s and other hose connections. New hose, 
emitters, risers, and manifolds will need to be purchased new. 
Field Layout and surveying.  The field was surveyed to find the slopes north to south and 
east to west as well as to determine the actual size of the field and available run lengths as 
seen in Figure 8. This field is not rectangular but shaped like a right triangle due to a 
drainage ditch snaking along the northern border of the field which made it difficult to 
get accurate run lengths. After staking straight lines on the East end of the field and 
through the middle a 300 ft spool type measuring tape was used at every other row to 
measure the drainage ditch as It snakes along the side of the field in order to accurately 
plot its location.  
The longest run on the Southern border of the field as seen in Figure 8 is 650 ft while the 
shortest run on the north side would end up being only 71 ft to the ditch.  Then, using the 
surveying instrument and a surveying rod, the slop was recorded to be downhill at 1.6% 
from North to South and downhill at 1.4% from East to West. So for the longest run of 
650ft West to East there is nearly 4psi lost due to elevation alone and almost 3psi lost on 
the South to North run. 
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Tree and Row Placement.  Due to the location of the water source which is seen in Figure 
9 at the bottom Western end of the field, the sub main will have to run uphill to provide 
water to the entire field. As one of the main objectives to use materials that are already 
available to save money, there are existing 3 inch and 2.5 inch sub mains running along 
the Southern end of the field, marked red and blue respectively in Figure 8, and this can 
be included in the design restraints to save on over 210 feet of pipeline. Therefore it 
would make sense to just run the mainline along the Southern end of the field West to 
East. 
Figure 8: Field Survey of Run Lengths Diagram 
  
Using a mature Meyer lemon tree diameter of 6 feet and a tree spacing of 12x19 feet the 
maximum amount of trees can be put into the field area 
where each scaled circle represent a tree
around the perimeter of the field for vehicles to pass through, at least 546 trees will be 
able to fit onto this lot. The total number or 
actual curvature of the ditch and for road width adjustments later on.
Figure 
 
by utilizing an AutoCAD array 
 seen in Figure 8. After allowing enough space 
trees may go up or down depending on the 
 
9. Row and Tree Placement Diagram 
14 
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Irrigation Design 
 
Once the field has been surveyed and the slopes, number of rows, number of trees, and 
water source location is known the irrigation system can now be designed.  
Finding GPH per Tree.  The peak evapotraspiration rate, or ETc, which is the sum of 
water loss into the Earth’s atmosphere from evaporation and transpiration was found 
through published tabulated values. Peak ETc was found to be 3.91 inches for the month 
of July for citrus without groundcover during a dry year in the Ventura County district 
(ITRC, 1999). Using this value, the hours of operation desired, and the tree coverage 
area, the estimated net GPH/tree is determined. In order to find the gross GPH/tree, the 
water losses and the district uniformity, DU, must be factored in. For this design the 
future DU is assumed to be 0.80 so that when the system deteriorates over the years, it 
will still be able to provide the field with adequate water as opposed to assuming a high 
DU from the start. Evaporation losses for drip emitters are assumed to be zero as well. 
The result is 10 GPH/tree with just over three hours of irrigation a day. See Appendix A 
for design calculations with formulas. 
Emitter Selection.  Drip emitters were chosen over micro sprayers for this design due to 
the low infiltration rate of the silty clay loam soil and existing ranch supplies. Due to a 
large existing supply of emitters and the familiarity the ranch employees have with the 
current emitters used else ware on the ranch, the manager has requested that this design 
use the TORO E-2 Flag Type Emitters. The benefits of these types of emitters are that 
they have a take a part feature that allows for easy field inspection maintenance and a 
large open flow path that can help with plugging issues. The E-2 emitters come in three 
flow rates, 1, 2, and 4 GPH, so in order to achieve 10 GPH/tree, multiple emitters per tree 
will be used. In order to improve the relatively low wetted area seen when using drip 
emitters, four 2 GPH emitters per tree will be used with two on each side of the tree and 
by adjusting the pressure each emitter can deliver 2.5 GPH.  
Although the Toro E-2 emitters have been used for many years they are not 
recommended for modern production agriculture because they have a poor flow exponent 
as well as manufacture coefficient of variation as seen in Appendix B. Emitters with a 
torturous path are the preferred method in production agriculture, but the ranch manager 
was much more comfortable sticking to the Toro E-2’s because of familiarity.  
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Figure 10. TORO E-2 Pressure vs. Flow Graph  
In order to achieve 10 GPH, using four 2 GPH emitters, the TORO E-2 specifications 
manual, Appendix B, had the emitter pressure vs. flow relationship to easily determine 
what pressure is needed by observing the red line on the graph in Figure 10. 
Manifold Positions.  The locations of the manifolds are determined in order to provide 
water to the entire field as efficiently as possible to avoid pressure loss. A program 
provided by California Polytechnic State University’s Irrigation Training and Research 
Center, ITRC, named Drip Hose Hydraulics Hose Placement Program, calculates the 
most efficient manifold placement for a drip hose run length. The program uses the 
TORO E-2 Emitter specifications found in Appendix B, and the ITRC Hose Program 
Inputs seen in Appendix A.  
After running the program it was found that the best configuration would be two 
manifolds running in one set. Since the field is not symmetrical, the limiting factor is the 
longest row of 55 trees seen in Figure 11 which is broken up into a set of 28 and a set of 
27 trees denoted by black lines. Due to the slope of the field, the manifolds will divide 
the 28 tree row into 10 trees uphill and 18 trees downhill while the 27 tree row will have 
7 trees uphill. In order to meet all pressure requirements the design must ensure that there 
is enough pressure at the inlet to these two rows and that the pressure losses across the 
manifolds (green lines in Figure 11) are not too great so that the shorter rows will still 
have adequate inlet pressure. The hose placement program was run once for 28 trees and 
once for 27 trees with required inlet pressures on 20.7 psi and 20.6 psi respectively while 
maintaining a hose DU of 0.95.  
A similar program was run to see if having a single set with one manifold and an 
undivided drip hose running the entire field length, but the required inlet pressure was 
nearly 40 psi and the drip hose length of 648 ft would be pushing the standard 
recommended length of 600 to700 ft by the ITRC. This would also require the sub main 
to have a larger diameter to avoid immense pressure losses created by having the total 
flow in one pipe as opposed to having two sets sharing the load.  
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Figure 11. Sub Main and Manifold Placement 
Manifold Sizing.  After the required inlet pressures were calculated each manifold was 
set up on a spread sheet that calculates the pressure losses due to friction and elevation 
changes. The manifolds, which are downstream of the pressure regulation point at the 
head of each manifold, are sized based on economics. The sizes of these pipes are 
governed by the velocity which is chosen not to exceed 4.5 ft/s.  A Microsoft Excel 
function is applied setting the value of the inlet pressure to each row to meet the required 
inlet pressure for that row as determined in the Manifold Position section above. The 
Excel function ensures that all pressures along the manifold are adequate. The manifold 
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sizing tables can be seen in Appendix A. The key factor in these tables is the velocity 
column that determines the size of the manifold sections. Each section is sized in order to 
keep the velocity less than 4.5 feet per second to prevent against water hammer. 
The manifold sizing tables allowed for the manifold pipe sizes to be downsized because 
the flow rate is decreasing as the manifold serves more and more outlets. With a constant 
area, flow rate and pressure loss share a linear relationship. When the flow rate is lowered 
the pipe does not need to have the same diameter and can be reduced saving money. The 
manifold pipe diameter is continuously reduced until the final outlet in Row 1 seen in 
Figure 11. Note that Row 1 will be reached by a jog in the manifold that is factored into 
the sizing tables in Appendix A. 
Sub Main Sizing.  The sub main was sized the same way as the manifold. Due to the 
design restraint of using the existing sub mains, the Eastern manifold could only start 
with an inlet pipe diameter of 2.5 inches which presented more pressure losses that 
desired. The sub main is reduced from a 3 inch diameter to a 2.5 inch diameter in 546 feet 
creating a pressure loss including the elevation loss of nearly 7.9 psi. Sub Main Sizing 
tables are located in Appendix A. 
Manifold Risers.  The risers coming off of the buried manifolds were chosen to be 
constructed of flexible PVC pipe that has the benefit of flexing to prevent accidental 
breaking of the risers by machinery. Each riser has a two way on off valve so that the drip 
hose can be isolated from the system for maintenance as well as opened on the other end 
to affix a pressure gauge for an easy pressure check at each riser. After the valve there is 
a pressure regulator to maintain the line pressure and then tee’s to divert the water to the 
upper and lower hose runs. The data for the pressure regulator can be seen in Appendix 
C. A diagram of the hose riser can be seen in Figure 12. 
 
Figure 12. Manifold Riser Diagram 
Total Dynamic Head Required.  In order to achieve the required pressures at each 
manifold outlet in the system the pressure at the mainline water source was set to account 
for the losses that resulted from the sub mains and manifolds as well as the minor losses. 
Minor losses are referred to as the loss of pressure due to pipe elbows, valves, risers and 
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pressure regulators. Each manifold has a riser off of the sub main that has two 90 degree 
elbows and a butterfly valve which must be accounted. Each riser off of the manifold to 
supply the hoses rises 30 inches and has a small butterfly type valve, a pressure regulator, 
and a tee that was also accounted for seen in Appendix A under Pressure Requirements 
between the Manifold and Drip Hose. 
Air Vents and Flushing. According to the ITRC Irrigation Design Manual air venting and 
vacuum relief valves are required at specific points in an irrigation design as seen in 
Table 5.  
 
Air release valves are put into place to help prevent air restrictions that can affect flow 
and water hammer caused by air pockets. Vacuum relief valves allow air to enter the 
pipeline to prevent pipes from collapsing, backsiphonage of dirt into emitters, and water 
hammer caused by flow reversal (ITRC, 2012). 
Flushing is required at the end of every section of pipe including at the end of the sub 
main, manifolds, and every drip hose. The sub main and manifolds have butterfly valves 
that open to allow flushing while the drip hoses are folded over with clips that can be 
opened to allow for flushing. 
Filtration.  The TORO E2 emitters have a minimum filtration requirement of 140 mesh. 
This is delivered by two automatic backwashing screen filters seen in Figure 13. These 
filters can deliver up to 150 mesh filtration at a 1320 GPM each which is well adequate 
for this application. The filters are located directly after a well and booster pump that then 
provide water to the mainline water source. The system is set up so that the water not 
being used will go to a concrete lined reservoir at the top end of the ranch. 
 
Table 5. Air Vent Location Points (ITRC, 2012) 
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Figure 13. Automatic Backwashing Screen Filters 
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DISCUSSION 
 
 
The final field layout has some slight modifications for practicality. The trees at the far 
eastern corner have been removed to allow for larger equipment to make easy turns on 
the narrow road bordering the field. The road at the eastern end of the field had a section 
that was large enough to add 11 more trees bringing the total tree count from 546 to 555. 
The final layout can be seen in Figure 14. Note that tree 28 in row 15 is supplied by a 
simple tee off of the last row supplied by the western manifold. A large layout of the field 
and all of its components can be seen in Appendix A under Field Layout. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: Final Field Layout 
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RECOMMENDATIONS 
 
 
Sub-Main Sizing.  The use of the pre existing sub mains was a great idea to save some 
money on pipe but at the cost of the extra pressure loss it may be a good idea just to 
replace these sections of pipe. As seen in Appendix A, under sub main sizing, there is 
nearly 8 psi lost in the sub mains which can greatly be reduced by going up to the next 
diameter pipe available. If this were another field where there was a smaller TDH 
available this would be a necessity for the design to function. 
Emitter Selection. As discussed earlier in the procedures section, the Toro E-2 flag type 
emitters are really not the best for modern production agriculture. The flag type emitters 
have a flow exponent 0.57 which is ideally more so around 0.50 which represents 
turbulent flow where as the closer to 1 means laminar flow which results in plugging of 
the emitter. The manufacture coefficient of variation is also high being 6% which normal 
values of 2.5%. The high coefficient of variation has a negative effect on the DU if each 
emitter has variability. It is highly recommended that any future irrigation systems utilize 
modern tortuous path emitters. Flow and pressure data for the Toro E-2 emitters can be 
seen in Appendix B. 
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APPENDIX B – Toro E-2 Emitter Specifications 
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 APPENDIX C – Pressure Regulator Chart 
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APPENDIX D – Cost Analysis 
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